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Abstract

The structure of the high-speed flows in the midtail plasma sheet is discussed based on results from multi-point observation of
Cluster spacecraft in summer 2001 and 2002. The average rate of change in flow speed along the ‘‘dawn–dusk’’ direction (perpen-
dicular to the main flow and in the plane of the tail current sheet) and along the ‘‘north–south’’ direction suggests that the full width
of the flow channel is 12,000–17,000 km in the ‘‘dawn–dusk’’ direction and about 9000–12,000 km in the ‘‘north–south’’ direction.
This is consistent with the results obtained from the analysis of the dipolarization front of the flows. The profile of the gradient of
the flow in the north–south direction and the shape of the dipolarization front suggest that the BBF has the shape of a localized flux
tube.
� 2005 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Transient fast plasma flows, called bursty bulk flows
(BBF), play a key role in the Earth�s magnetotail (Bau-
mjohann et al., 1990; Angelopoulos et al., 1992).

Most likely, these fast flows are due to acceleration in
the reconnection region. It is crucial to quantify the BBF
signatures to understand the magnetic fluxtransport
process or to discuss the energy budget problems in
the magnetosphere. Many studies using quite different
methods with single spacecraft have come to the conclu-
sion that a BBF is expected to be limited in dawn–dusk
extent with a spatial scale of 3–5RE (Angelopoulos et al.,

1997; Kauristie et al., 2000; Nakamura et al., 2001).
These results were obtained by comparison between sa-
tellite and ground-based data, and low-altitude observa-
tions of convection, equivalent current, and auroral
pattern. In situ multi-point observations provide more
direct evidence on the spatial scale. From two-spacecraft
observations Sergeev et al. (1996) inferred a scale size of
1–3RE.

In this paper, we highlight several Cluster studies as
well as new results on the fast flows that used multi-
point data analysis using data from 2001 and 2002,
when the tetrahedron scale was 2000 and 4000 km,
respectively. We discuss mainly two topics: spatial scale
and shape of the BBFs. Cluster data shown in the paper
are obtained by the the fluxgate magnetometer (FGM)
experiment (Balogh et al., 2001) and by the Composition
and Distribution Function Analyser (CODIF) and the
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Hot Ion Analyser (HIA) of the ClusterIon Spectrometry
(CIS) experiment (Réme et al., 2001).

2. Spatial scale of the flow

Using proton flow data from the Cluster 1, 3 and 4
spacecraft (which have identical CIS/CODIF plasma
instruments) the gradient scale of the Earthward bursty
bulk flow was obtained by Nakamura et al. (2004). Data
from the 2001 tail period were used when at least one of
the spacecraft observed a BBF. BBFs were selected
using the following condition: plasma bXY > 2, and
V^XY > 300 km/s, where V^XY is the equatorial compo-
nent of the flow perpendicular to the magnetic field. Due
to Cluster�s apogee at 19RE and the condition in X and
in plasma b, the location of the events is restricted to the
night-side equatorial region, i.e., �19 < X < �15RE,
jYj < 11RE and �4 < Z < 6RE.

The spatial gradients of high-speed flows were esti-
mated using a combination of two-point observations
from the Cluster spacecraft along the ‘‘dawn–dusk’’
direction (perpendicular to the main flow and in the
plane of the tail current sheet), the Ymod direction, and
along the north–south direction (perpendicular to the
tail current sheet), the Z direction. The events were se-
lected only when both spacecraft were in the plasma
sheet (bXY > 0.5), and at least one of them fulfilled the
condition of the BBF given before. When determining
the north–south gradient those events were excluded
when the current sheet configuration was not in a nor-
mal orientation, i.e., DBX/Dz < 0, although such cases
were seldom (about 10%). The horizontal component
of the flow velocity, VXY, was used to calculate the dif-
ference in the flow speed, DV. The result is shown in the
histograms in Fig. 1. Shown are the occurrence of the
rate of change in the flow speed in (a) Ymod, the modified
dawn–dusk direction, and (b) along the north–south

axis. The event numbers are larger for the north–south
pairs (Fig. 1(b)) due to the fact that only three spacecraft
have ion measurements and due to the orbital condition
of Cluster. The average (thick bar) or median (thin bar)
of the spatial gradients in the figure indicates that the
full width of the flow channel is 2–3RE in the ‘‘dawn–
dusk’’ direction assuming that the flow channel has a tri-
angular-shape cross-section. This is a value comparable
to the previous estimates. The velocity gradient at the
duskward edge of a flow (dashed line) tends to be shar-
per than that at the dawnward edge (solid line), possibly
reflecting an asymmetry in the magnetosphere–iono-
sphere coupling process associated with the flow. The
full width of the flow channel is 1.5–2RE in the north–
south direction. More details of this statistical analysis
are given in Nakamura et al. (2004).

3. Shape of the flow channel

Structure of the flows in the north–south direction is
further determined by examining the relationship be-
tween the gradient in flow and the magnetic field orien-
tation. The interest here is to examine how the flows are
distributed relative to the equator. This can be checked
from the rate of the change in flow along the Z direction,
DV/Dz. For northern hemisphere, for example, this
number is negative if the flow peak is at the equatorial
side, and is positive if the flow peak is at the off-equato-
rial side. In the southern hemisphere this relationship
will be opposite. We use the same data set shown in
Fig. 1(b), except for selecting cases when both spacecraft
are in the same hemisphere. This selection reduces the
total number of the data to 713, which is still large en-
ough for the statistics. Since the selected events are only
during nominal current sheet orientation (DBX/Dz > 0) ,
we use BX to infer relative location from the equator and
a = DV/Dz · sign(BX) to examine whether the flow was
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Fig. 1. Histograms showing the occurrence of the rate of change in flow speed in (a)Ymod, the modified dawn–dusk direction, and (b) along the
north–south axis. The occurrence numbers are normalized by the total number of the events given at the top of the panel. The rates are normalized
for a distance of 1000 km. The dashed line represents cases when the flow speed is decreasing in the duskward or northward direction, whereas the
solid line represents cases when the flow speed is decreasing in the dawnward or southward direction (adapted from Nakamura et al., 2004).
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larger at the equator side (a < 0) or at the off-equator
side (a > 0). Here, we again use X and Y component
to calculate the gradient of the total flow speed, V, same
as Fig. 1. Fig. 2 shows the relationship between the a
and (a) the latitude angle (inclination) of the field,
sin�1(BZ/B), and (b) BX. The solid line shows the aver-
age profile and the vertical bars indicate 2r (standard
deviations). It can be seen that the negative a points be-
come more significant for large latitude angle or small
jBXj value, i.e., close to the equator. Both positive and
negative a values are apparent as the latitude angle de-
creases and jBXj increases, corresponding to off-equato-
rial region. Mainly positive a values are seen at large
jBXj region, which corresponds to BBF events in the
vicinity of the outer edge of the plasma sheet where only
positive a cases fulfill our data selection criterion, i.e.,
both spacecraft in the plasma sheet. These relationships
of the gradients relative to the equator are illustrated in
Fig. 2(c). The Earthward fast flows consist of flow peaks
both in the equator and away from the equator. Note
that the fast flows selected here took place in the central
plasma sheet and are not the plasma sheet boundary
layer ion beams. The most likely shape of the flowing
plasma will then be as illustrated in Fig. 3. That is, a
localized flow channel in the X–Y plane and a shape sim-
ilar to a localized flux-tube in X–Z plane. Such distribu-
tion of the flows is consistent with the model of the BBF
by Birn et al. (2004), in which the bubble is modelled as
a localized flux tube moving Earthward. A Geotail sta-

tistical study also showed a simultaneous development
of the fast flow both near the equator and away from
the equator after substorm onset, although for tailward
flows (see Fig. 14 from Nagai and Machida, 1998).

Another way of determining the spatial structure of a
bursty bulk flow is to examine the characteristics of the
dipolarization front. Sergeev et al. (1996) introduced an
analysis of the magnetic field disturbances to character-
ize the high-speed moving plasma based on the plasma
bubble model (Chen and Wolf, 1993). Sergeev et al.
(1996) showed that Earthward moving plasma struc-
tures, such as the bubbles, are separated from the plas-
ma ahead of them by a discontinuity. This
corresponds to a front layer identified from the change
in BZ and called the dipolarization front. The orienta-
tion of the discontinuity can be determined by the min-
imum variance of the magnetic field of the
dipolarization. From the shape of this front the scale
size of the bubble can be inferred. Using ISEE 1, 2 mea-
surements, Sergeev et al. (1996) estimated the dawn–
dusk scale size of the bubble to be 1–3RE.

The orientation of the dipolarization front is also
investigated based on Cluster observations of two iso-
lated bubble-type bursty bulk flow events on July 22,
2001 (Nakamura et al., 2002) and on September 1,
2002 (Nakamura et al., 2005). Using the four spacecraft
measurement, the orientation of the dipolarization front
and its movement were determined. For the first event
the spacecraft along the boundary was less than
1500 km and the dipolarization front was identified as
a planar structure. On the other hand, Cluster could
identify edge effects for the second event, when the tetra-
hedron scale was about 4000 km. It was inferred from
the change of orientation of the dipolarization front to
be 1.5–2.2RE in dawn–dusk direction. In both cases,
the dipolarization was propagating toward Earth and
toward the equator and the dipolarization front is ori-
ented so that it forms a concave shape in the X–Z plane
and convex shape in the X–Y plane. This shape of the
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Fig. 2. Relationship between DV/Dz · sign(BX) to (a) the latitude angle and to (b) BX. (c) Profile of the horizontal component of the flow in the X–Z
plane.
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Fig. 3. Schematic shape of the BBF in (a) the X–Y plane and in the (b)
X–Z plane based on the statistical studies of the multi-point flow
observation and the shape of the dipolarization front.
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dipolarization front again is consistent with the shape
shown in Fig. 3.

4. Conclusion

Cluster observations enabled us to identify several
important characteristics of the fast flows using multi-
point data analysis techniques. Based on statistical stud-
ies of the spatial gradient of the flows and event studies
analyzing the dipolarization front, the structure of plas-
ma sheet fast flows was determined. In the dawn-to-dusk
direction, the flow channel has a spatial scale of 2–3RE

and with a sharper gradient on the duskward side. In
the north–south direction, flow channel has a spatial
scale of about 1.5–2RE and consists of flows both cen-
tered at the equator and off-equator. These results sug-
gest that the bursty bulk flow has a shape similar to
that of a localized flux tube.
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